Drug interactions can have desired, reduced or unwanted effects. The probability of interactions increases with the number of drugs taken. Side effects or therapeutic drug interactions can increase or decrease the effects of one or two drugs. Failure may result from clinically meaningful interactions. Clinicians rarely use foreseeable drug-drug interactions to produce the desired therapeutic effect. For example, when we consider two drugs each causing, peripheral neuropathy increases the likelihood of neuropathy occurrence. In this study geometry optimizations of tigecycline and sulbactam drugs and their combination have been carried out with the evaluation of B3LYP/6-311G (d, p), B3LYP/6-311G (2d, 2p) levels, and the reaction mechanism at semi empirical PM6, which was parameterized for biochemical systems and B3LYP/6-311G (d,p) levels. The main objective of the study is to understand the interaction ofsulbactam with tigecycline, to JPRI, 26(1): 1-9, 2019; Article no.JPRI.47537 2 describe energetic condition of bond formation and electronic structure (orders of the broken and formed bonds). The reaction mechanisms of sulbactam with tigecycline have been studied as stepwise and concerted mechanisms using semi-empircal PM6 and B3LYP/6-311G (d,p) levels.
INTRODUCTION
Sulbactam, is the β-lactamase inhibitors in clinical use. Sulbactam sodium (SBT) named as 4-thia-1-azabicyclo [3.2.0] heptane 2-carboxylic acid, 3,3-dimethyl-7-oxo-4,4 dioxo sodium salt, and it is official in the British Pharmacopoeia [1] .
Tigecycline representing a new class of antimicrobials known as glycylcyclinesis (4S,4aS,-5aR,12aS)-9-(2-tert butylaminoacetylamino)-4,7-bis(dimethylamino)-3,10,12,12a-tetrahydroxy-1,11-dioxo-1,4,4a,5,5a,-6,11,12a-octahydronaphthacene-2-carboxamide [2] and it has more potent activity against a variety of tetracycline-resistant and multidrug-resistant Gram-positive and Gramnegative bacterial pathogens. Because of its microbiological, pharmacodynamic and pharmacokinetic properties, this antibiotic has been evaluated as monotherapy for serious infections in human clinical trials [3, 4] .
The effects of meropenem, imipenem, sulbactam, colistin, and tigecycline, alone or in combination, on biofilm-embedded were investigated due to difficulty in destruction of Acinetobacter baumannii biofilms [5] and reported that significant decreases in the maximum biofilm thickness were observed after exposure to meropenem and imipenem. Meropenem plus sulbactam significantly decreased the biomass and mean thickness and increased the roughness coefficient of biofilms, but sulbactam plus tigecycline only decreased the maximum and mean biofilm thickness compared to any of these agents used alone.
The clinical efficacy between salvage antimicrobial regimen consisting of tigecycline plus extended-infusion imipenem/cilastatin (TIC) and regimen of sulbactam plus imipenem/ cilastatin (SIC) for patients with ventilatorassociated pneumonia and pneumonic bacteremia due to extensively drug-resistant (XDR) Acinetobacter baumannii (Ab) isolates were compared and determined the correlation of results of in vitro tigecycline imipenem synergy test with clinical efficacy [6] .
Numerous studies have shown that combinations of tigecycline and sulbactam are promising treatment options for MDR A. baumannii. They tested ten clinical isolates of A. baumannii sensitive colistin and tigecycline synergistic effects of tigecyline and sulbactam and reported that Tigecycline MIC values decreased 2-4 fold with sulbactam and this combination resulted in synergy or partial synergy in 50% of the isolates [7] .
In vitro study conducted on 25 XDR A. baumannii, it has been shown that sulbactam plus tigecycline provides synergy or additional effects at 84% of stains and no antagonism [8] .
Quantum chemical calculations were used to analyze the formation of a peptide bond between phenylalanine and Ceftriaxone molecules [9] . The reaction mechanism of phenyl alanine with meropenem have been studied as stepwise mechanism by means of PM6-semi-empirical [10] .
In this work, we present a density functional theoretical and semi-empirical studies on the mechanism of the reaction between the sulbactam, and tigecycline. The calculated reaction mechanism is presented and discussed in a general way.
MATERIALS AND METHODS

2.1Computational Details
All the reactants, products and transition states have been optimized again within the semiempirical method-pm6 and density functional theory (DFT) framework, by using the B3LYP functional. This functional is based on Becke's three-parametrization adiabatic connection method (ACM) and consists of a combination of Slate [11] Hartree-Fock, [12] and Becke [13] exchange functionals, the Vosko, Wilk, and Nusair (VWN) local correlation functional, [14] and the Lee, Yang, and Parr [15] nonlocal correlation functional. The IRC have been computed automatically using intrinsic reaction coordinate (IRC), following algorithms. IRC was proposed by Fukui in 1970 as a pathway of chemical reactions, 1, 2, the steepest descent path weighted predominantly on the potential energy surface (PES), starting from the transition (TS), ie the first rank saddle point. Starting from nonstationary structures, the mass -weighted steepest descent path is called meta -IRC.
The reaction mechanism between tigecycline and sulbactam were performed with the theoretical method of PM6 and B3LYP functional with full geometry optimization and E HOMO and E LUMO for tigecycline, sulbactam and tigecycline sulbactam were calculated with the B3LYP/6-311G (d, p) level and the B3LYP/6-311G (2d, 2p) level.
The calculations have been carried out with the GAUSSIAN 09 series of programs [16] .
RESULTS AND DISCUSSION
The relative energies of the ground and transition states in the addition of tigecycline to sulbactam in gas media are presented in Fig. 1 that the reactant located on the left side in the diagram reaches the product on the right side via several intermediates and transition states. These profiles were obtained from the results of analysis of the PES by relaxed scanning over the reaction coordinate using the B3LYP/6311G (d,p) method.
Two transition states for stepwise mechanism are depicted as saddle points, and the energies required to go over each barrier (ΔG1, ΔG2) are called activation energies. One transition state for concerted mechanism is depicted as saddle point and activation energy is ΔG3.
The concerted and stepwise mechanisms for the bond formation are illustrated with the optimized structures of the reactants, the three transition states and one intermediate, and for products calculated with B3LYP/6-311G(d,p) level in Fig. 2 .
In this reaction we considered the reaction between the HOMO of tigecycline and the LUMO of sulbactam. For both the B3LYP and PM6 success was achieved when the interaction of tigecycline N lone pair with the carbonyl centre of sulbactam was performed. When considering both the charge interaction and most likely the HOMO/LUMO interactions led to the conclusion that glycine react with sulbactam by nucleophilic attack of tigecycline nitrogen (N) lone pair on the carbonyl carbon C7 of sulbactam considered the reaction between the HOMO of tigecycline and the LUMO of sulbactam. HOMO, LUMO, electron density of the optimized structures of reactants, IN, transition states and products are shown in Fig. 3 .
Electrostatic potential maps enable us to visualize the charge distributions of molecules and charge related properties of molecules. They also allow us to visualize the size and shape of molecules. Different colors represent the different values of the electrostatic potential at the surface. Potential increases in the ordered (most negative) < orange < yellow < green < blue (most positive). (MEP) surfaces are plotted over the optimized electronic structure of reactants, the three transition states and one intermediate, and for products calculated with B3LYP/6-311G(d,p) level in Fig. 3 . MEP surface directly provides information about the electrophilic (electronegative charge region) and nucleophilic (most positive charge region) regions.
Fig. 1. Reaction energy diagram
Fig. 2. Reaction mechanism between sulbactam and tigecycline
In general, two molecules which are either the two atoms that have highest and opposite charges or two atoms that have a highest electron densities in their highest occupied or lowest unoccupied atomic molecular orbital's interact each other.
In the first step nitrogen lone pair of one amino group belonging to tigecycline attacks the carbonyl carbon atom of the sulbactam, molecule leading to the formation of C-N bond which is the addition step. The second step is the elimination of water molecule.
For the stepwise process, an intermediate INT1 is separated from reactants by 19.21 kcal/mol barrier at transition state TS1 and from products by 34.64 kcal/mol at transition state TS2. For concerted process 3 is separated from reactants by 58.43 kcal/mol at transition state TS3. Vibration analysis was performed for the reactants, intermediates, transition states and final molecules. We found a negative imaginary frequency which is characteristic of an ordinary TS for transitional states (TS). Generally, an imaginary frequency for TS is the first order saddle. The imaginary frequencies for TS1 and TS2 in the stepwise process are -338 cm-1 and -1655 cm-1, and for concerted mechanism TS3 is -970 cm-1.
The reacting molecules tigecycline and sulbactam (1+2).being far from each other (N1-C7 = 3.000 Å) have a summary energy -1973192 kcal/mol with the calculation B3LYP/6-311G (d,p) level for both tigecycline and sulbactam.
From Table 1 it was found that the bonds between N-H is 1.01 Å and 1.03 Å for B3LYP and PM3 respectively and bond length for O=C is 1.20 Å and 1.21 Å, respectively while sulbactam and tigecycline were sufficiently far apart, the bonds between N-H in the course of reaction increase by 1.32 Å and 0.11 Å for B3LYP and PM3 respectively. While for O=C it increases by 0.03 Å and 0.19Å for B3LYP and PM3 respectively. All these are due to pulling of electron by the reacting atoms in the transition state (TS1). The N1-C7 bond between tigecycline and sulbactam is partially formed at the TS1. N1-C7 bond length with the calculation B3LYP in the course of reaction changes to 2.15 Å, 1.49 Å, 1.50 Å and 1.39 Å at TS1, IN, TS2 and 3, respectively.
The distance between the carbon and nitrogen involved in the formation of the new N-C single bonds in the synchronous TS1 and in IN is found to be 2.15 Å and 1.49 Å for B3LY/6-311G (d,p) and 3.32 Å and 1.50 Å for PM6 level. The distance between the carbon and nitrogen involved in the formation of the new N-C single bonds in TS3 is found to be 2.13 Å and 1.49 Å for B3LY/6-311G (d,p) and PM6 levels. 
μ=-=1/2 (E HOMO +E LUMO )
Global softness which is one of the most important reactivity descriptors is defined as the inverse of global hardness as in the given following equation [18, 19] : 
The results in Table 2 The lowest unoccupied molecular orbital -E LUMO , The highest occupied molecular orbital energies-E HOMO , hardness, softness, electronegativity, energy gap, chemical potential, electrophilicity index, nucleofugality, electrofugality are given in Table 2 .
. 6 .579 eV, and 3.379 eV, respectively and 3.347 eV, 6.599 eV and 3.397 eV with the B3LYP/6-311G(2d,2p) level. As shown in Table 2 , the compound that has the highest HOMO energy is the tigecycline (E HOMO = -5.661 eV). This higher energy allows it to be the best electron donor. The compound that has the lowest LUMO energy is the compound tigecycline-sulbactam (E LUMO = -2.481eV) which signifies that it can be the best electron acceptor.
CONCLUSION
The reaction is nucleophilic in nature in which the nitrogen lone pair of tigecycline attacks the carbonyl carbon (C7) of sulbactam to form tigecycline-sulbactam adduct. The two methods are in good agreement with one another since they produced two transition states and one intermediate for stepwise mechanism and one transition for concerted mechanism.
The HOMO-LUMO calculations show that the energy gab increases with the combination of tigecycline-sulbactam. Some quantum chemical descritors such as, energy gap, hardness, softness, electronegativity, chemical potential, electrophilicity, nucleofugality, electrofugality were calculated and compared among themselves.
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